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5 pgrgnic Acid Pmy^tiygg 

The pTBsexU invention xelates to boronic acid dcnvadves, a process for their production, 
their use as a phannaceudcal^ e.g. as tfarombin inhibitocs, and pbannaceudcal prqiatadoos 
CCTtaining them. 

Thrombin is a tzypsin-like serine protease fulfilling a central role in bodi haemostasis and 
10 thrombosis. In the coaguladon cascade, tloombin is dxe final key en^me, proteolytically 
cleaving fibrinogen to release fibrinopepddes A and B and generate fibrin, wfaidh can 
then polymerize to fonri a haemostatic plug leading to ocdusian of the vessels. 
Thrombin generation is the final common result after acdvadon of both die intTingTr 
contact activation, c^. by e;qposure of plasma to a non-^ndothelial surface) and 
15 extrinsic (e.g. due to vessel wall damage and tissue factor telease) coagulatioa pathways.* 

Extensive search for direct tfarombin inhibitors has continued over the last years to 
overcome the side-cficcts of conventional therapy* e.g. as with heparin, and to find orally 
active compounds. The first direct thrombin inhibitois developed, e.g. htnirfig and 
hirulog-1, showed no advantages over heparin and no oral bioavailability. 

20 One approach has been to provide peptidic derivatives of boronic acid as direct tfarombin 
inhibitors, e.g. as disclosed in WO 94/20526. However, there is still a strong need for 
potent thrombin inhibitors having an improved selectivi^ over serine proteases, e^. 
trypsui, and being orally active^ 
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Accoidingly. the jaesent inveatitm imwides a 



, , O CH, 

S^Oy—O^-O-C-W-CH-OO-N.,.,/ 

' M4-CH0 




wl««a ead. Of Q, and (i is OH or Q. and Q, fonn tog^tte a ,«id«c 



(a) 




-a 



Hie trimctfayisayl-AIa xeddoc. die Pro reddue and the N-^taitutcd Lys nsidoe nay 

each have the L or Dconfiguntion. RefenAIy d« ita n^idne and d« N«.«d«i^ 

5 I-ys'^idue each have d«I^go„Uion and the trimetb^ 
D-configmatian. 



Tlie residue of fonnula (a) may exist ihds or tons configonttion. PWencd «sidBe of 
fcHmaia (a) is 




Hie present inveatioo embraces all isomexs and tfaetrmixtotes. 

10 ^»°*oundsoffonnukIwfae„rfneachof(iandQ,isOHnuve^ 

salt fonn. Salts include add addition salts with e.g. otganic acids, polynrric adds or 
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inoxsanic acids, for example hydrochloric acid Preferably the CQnq)ounds of fonnula I 
aze in free fbnn. 

The present inventioa also includes a process for the pioduction of the compounds of 
formula I, which process comprises 
5 a) to produce a compound of fonnula I wherein and fonn togedier a residue of 
formula (a), formylating a compound of formula II 




wherein R is benzyloxycarbonyl or another amino protecting group and, where 
required, replacing the amino protecting groap R by a bcnzyloxycarboxr/1 group, or 
b) to produce a compound of fonnula I wherein each of and Qj is OH, cleaving a 
10 compound of formula I wherein Q, and form together a residue of formula (a), 

and recovering the compounds of formula I thus obtained wherein each of Q| and Qj 
is OH in free form or in salt form. 



The formylation step a) may conveniendy be performed by using mixed anhydride of 
acetic acid and fomuc acid. The reaction may advantageously be r^ rx i^ ouc in an 
15 ozganic solvent, e.g. tetrahydiofuran. 

R in compound of formula II is preferably bem^loxycazfaonyL When R is an amino 
protecting group other than bcn^loxycarbonyl, it may be eg. tert-butoxycarbonyl or an 
amino protecting group as disclosed in Trotective Groups in Organic Synthesis", 
T.W. Greene, J, WUey & Sons NY (1981), 219-287. When R in the con^iounds of 
20 formula n is other than benzyloxycarbonyl, the formylation may conveniently be carried 
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out bcfoie leplaccmeat of said piocecting group R by bcnzyloxycaAonyL The 

icplaccaumtofRbyabcn2yIoxyc«^^ 

methods known and practiced in die ait 

Conq,o«ndsoffonnula^ used as starting nu«^ 
5 WO94Q0526. 

Process step b) nuy conv«ricntly be pcrfonn^ 
an oigaoic soIvcQt eg. acetone. 

Thefoac«wi«e«u,qrfesa«iHustntfiveoftfaeinv^ M tcmpcrmm ^ in >€. 
Following abiwevialians aie used: 

10 BoroLys = -NH^^CHj-CHrCHrCHrJ^H^- 

TMSaJ a trimethylsilylaiamne 

Boc ss teit-butoxycaibaoy] 

Z = beazylcn^carbonyl 

THF = teliahydrofiiian 

15 OPin = nidicaloffijnxinla(a)=pinancdiolcstBr 
Ac s C3J,C0- 

feaiSEltii Z-I>-TMSal4V»-NB^CHr(CH^^CHOJB-OI»in 



20 



25 



stin«12hat60-. Ilie mixture is cooled to 0« and U6 g (3.00 anol) of 
Boc-I>lMSd.Pro-Bon>Lys^Pin dissolved in THF is added. After 10 nrin stining 
at 0^tte reaction mixtuie is stined at room temperature ovenii^ SOmlof 
icewater is added, the solution extracted several times with ed«r and washed with 
faine. After dqring over Na,SO, and concentration in vacao. the desired pnKh^ 
obt:^ as a widte foam which can be crystallized fiom ethe.Ae«ne: mp: 93^9"; 
fat" = (c = 05 in MeOH); FAB-AIS; MH* = 649. 



b) 324 mg (0.5 mM) of tf« Boc protected compound of step a) is stined 3 hat 



room 
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temperature with 3 ml coiic. HO/AcOH (9:1). After concentration in vacuo a wliite 
foam is obtained which is dissolved in THF. 1 eq benzyl chlorofomiate and 2 cq 
NEtj is added at 0"* and the solution is stirred for another 3 h. Water is added and 
the product is extracted with edier, dried over Na2S04 and concentrated in vacuo. 
5 The residue is purified by flash chromatography (92:8, EtOAc/EtOH) to give an ofl; 
Mo"^ = -55'' (c = 0.46 in MeOH); FAB-MS: MH* = 683. mp: 68-69*, 

Boc-D-TMSal-PiD-BoroLys-OKn used as starting inafenal may be prepared as Hfgrfrwp^ 
in WO 94/20526. 

Example 2: Z-I>-TMSaI-Pn>-NH<H[(aBy!4NHCT 

10 0.6 g (0.88 mM) of the pinanediol esto* of Exan^e 1 is dissolved in acetone, 20 ml 
0.1 N NH4OAC and 375 mg (1.76 mM) NalO^ arc added and the solution is stined for 
2 days at xoom temperature. The piecipitate is filtered off. the solution is extracted 
several times with ethyl acetate, dried over Na2S04 and concentrated in vacua The oily 
residue is stirxed in ether overnight and the product is obtained as white oystaDs; 

15 mp, 88-108*; [a]j,^ = -54.1- (c = 051 in McOH); FAB-MS: MIT + 72 (reaction wi& 
matrix thio^ycezine) = 621. 

The compounds of formula I or a pharmaceutically salt thereof when each of Qj and 
is OH exhibit phannacoldgical activity and are useful as phannaceuticals. 
In particular, tiie compounds of fbnnula I show tzypsin-like serine protease inhibiting 
20 propeities, as indicated m the following test methods: 

a) Enzyme inhibition kinetics 

Test substance is dissolved in aemophor^ethanol (1:1) or DMSO and diluted with 
distiUed water to yield a 1 mM stodc solution. Further dilutions are made mto the 
assay buffer (100 mM sodium phosphate buffer, pH 7.4, containing 100 mM NaCl 
25 and 0.1 % bovine seium albumin). Kinetic assays are performed using a 

'96-miciowell plate; each well contains 50 ^1 substrate, 100 ^1 test compound and 
100 enzyme in buffer. Final concentrations of substrate and enzyme are as 



0 
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follows: 1 60 pM a-thn»nbi„ and 100 Pte&daom TO (K:„ = 73 ^M). 800 pM 
human plasmin aad 200 PefacW FL (K. = 44. 1 pM). and 260 pM bovix« 
Panoeadc tiypria and500^MItefiuWTRY(K, = 145.7 ^M). Assays axe 
initiated by adding en^ to solutions conlaidng the subst^ 
substrate. Tbc release of pntilnanilme fean the hydrolysis of the substrate is 
foDowed for 30 nun by n«as«ring the iaaease in optical density at 405 nn, with a 
Theimon«K n«cnr*eH kinetic trader (Kft^^ 

When the inhibited steatfy^ xale is achieved rapidly, the in^^^^ 
IS detennu«d fitting the data by i««ighted lu«ar legtession to tf^ 
(Biochcn. J. 1953. 55:170-171). For slow-. tight4rindln8 faMWtocs. the mechanism 
of inhibition may be descnlHrf by the following icheme: 

E + S ''=^ ES E + P 

+ 
I 

EI 



whcie E. S. P. and I are the cnqnme. subsinite. pn)duct (p-nitn^ 
inhibiting substance to be tested, respectively, and k« and aie the assodatioa 
and dissodaton rate constants for ti» inhibition CTapparelli sUL J. Biol. Chem, 
268 (1993). 4734-4741). 

Progress^e data for the formation of p^troarulme in the presence of difibeat 
comsntrations of inhibitor are fitted by nonlinear regmssion to the equation for the 
mechanism presented m the scheme (Morrison and Walsh. Adv. Enzymol. Relat 
Areas MbL BioL 1988. 61:201-301). Tb^ analyses yield estimates for the ,pp^ 

vahies of and which are corrected for the presence of substrate as 

described by Morrison and Walsh to give the true values. Under the described 
«q«rimental conditions a K. of 2.7 uM is observed for the compound of Example 1 
and a of 2i) nM for the canq>onnd of Example 2. 



Sfamlar assays are used to assess die activity of the con^ds of f« 



'(Knxula I on 
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plasmin, tissue plasminogen activator (t-PA), factor Xa flFXa) and tiypsin. 



Kj innM 

Ex. 1 Ex.2 

Plasnxin 2430 1218 

5 t-PA 1680 1542 

FXa 326 287 

tiypsin 168 953 

b) In vitro coagulation assays 

In vitro coagulation assays are peifonncd with pooled dtiated human plasma. 

10 Substance to be tested or solvent axe incubated with plasma for 10 min at ST'C 

prior to assay. Thrombin timeflT) detenninations are pctfocmed at a final thrombin 
concentration of 5 U/ml. Activated partial thrombc^lastin (AFTT) is 
detennined by incubatixig 0.1 ml plasma ± substance to be tested with 0.1 ml 
pmified soya bean phospholipid in ellagic acid (Acti^rFS) for 4 mm at 37"C and 

15 followed by the addition of 0.1 ml CaQ, (50mM). bi this test method, con^omids 
of fonnula I signiifxcantiy increase TT and AFITac a concent^ }iM 
to OJ fiM With the compound of Example I, prolongation of TT above 300 sec is 
achieved at 1.0 pM, devation of APTT to 2x the control value is achieved at 
1.8 fiM. 

20. c) In vitro olalelet aggregation assay 

Washed human platelets are prepared by a modification of the method <tf Aidlie 
(Br. L Phaxmacol. 1970» 19:7-17). Washed platelet snspension (0.46 ml) is kept at 
37*'C and stiired at 1 100 tpm. After die aHf^ftipn of the substance to be tested or 
solvent, the platelets are maintamed for 2 nun before aggregation is mduced by 1 
25 human tiirombin. The extent of platelet aggregation is qnantitated by the 

maximum aggregation amplitude and mhibition of aggregation rate observed m the 
absence of inhibitor. In this test method, the con^iounds of Examples 1 and 2 
inhibit platelet aggregation at a low nM concentration range: IC^ s 11 JlnM for die 
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confound of Example 1 and 9.8 oM for tfae eompoiind of Example 2. 
In the venous thiDmbosis modd in tile nu. a nwdifi^ 

Knedrich et al. (Blood Coag. Fifarinol, VoL 5. (1994). page 243X the conipounds of 
fonnula I prevraf tlmanhns fbanation in a dose dqxadeat maiaier. Using tfae 
confound of Example 1. tfaiombus fonnation is iiihibited by 50 % at a dose ( ED^ 
of 036 men^g iv. and at a dose of 15.9 mg/kg p.o. L, this assay, the compound of 
Exanq>le 2 has anEDjo <rf 0.43 mg/kg iv. 

e) Oral Efferf W ioavanahi lity 

Administered to tfae same animals Lv. and P.O, the cc«npoonds of Exam^ 
showed an oral effect bioavailability of 35% and 11 %. respectively, in eonscioas 
aortic catheter xats. 

In ihesus monkeys, the compounds of Ex. 1 and 2 are also administered iv. and p a 
to die same annnals. tfae oral effect bioavailability is > 15% for both compomids. 

Tbe method is a modification of that disclosed by Cfand et aL m J. Caidiovasc. 
PhannacoL, J2. 520-525. 1988. Male wistar nus are anaesthetized and tfae right 
jugular vein and tiie Icfl carotid arteiy are exposed and camnikted . The cotton 
duead containing silicone mbing is insetted between die vein and tfae atteiy. Animals 
are preireated with the compound to be tested via tf«s jugular vein 20 nrin prior to 
"'l-fibrinogen-labclled human clot insertion. Clot lysis is mduced via die cantid 
arteiy by a bolus injection of t-PA followed by a 30 min hifusion. Oct dissotation is 
monitored by placmg a Nal crystal scintillation detector over tfae clot containing 
chamber. In this assay, the compound of Ex. 1 does not afiect t-PA induced dot 
lysis and die compound of Ex. 2 even enhances dot lysis at a dose of fiOng/kgtoin. 

he compounds of fbnaula I are therefore useful for preventing or treating thrombosis. 
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for example deep vein thrombosis, pulmonary embolism, in peri-operative antitfaiombotic 
cover, artedal thrombosis, mistable angina, disseminated intravascular coagulation (DIC), 
e,g. induced by sepsis trauma or certain cancers, coronaiy arteiy bypass smgery, for the 
control of coagulation and fibrinolysis, for inhibiting vascular lemodelling (piolifexation, 
5 tnigration of smooth muscle cells) following venous or arterial surgery or other forms of 
vascular injuries, e.g. peicutaneous transluminal coionaiy angioplasty, aSo- or 
xenotransplantation surgery, transplant vasculopathies, graft vessel diseases, acute or 
chronic restenosis and obstructive vascular atfaexDScIerosis, • 

For the above uses the required dosage will of course vary dqsending on the mode of 
10 administration, the particular condition to be treated and the eifect desired. In general, 
however, satisfactory results are achieved at dosage rates of from about 0.01 to IS mg/kg 
animal body weight Suitable dafly dosage rates for larger mammalig^ for example 
humans, are of the order of from about 1 to 720 mg/day, conveniently admxnistcted once, 
in divided dosages 2 to 4 x / day, or in sustained release form. When an extiacoipareal 
15 blood loop is to be established for a patient 10 mg per liter may be administered 
intravenously. For use with whole blood £rom UIQ mg per liter may be provided to 
prevent coagulation. 

Compounds of formula I wherein each of and is OH may be administered in fiiee 
form or in pharmaceuticany acceptable salt form. Such salts may be prepared in 
20 conventional manner and exhibit the same order of activity as the j&ec omipounds. The 
present invention also provides a pharmaceutical composition comprising a compound of 
formula I« in free base form or in pharmaceutically acceptable salt form when each of Qj 
and Q2 IS OH, in association with a pharmaceutically accqstablc diluent or carrier. Such 
composidons may be formulated in conventional maimer. 

25 Compounds of formula I may be administexed by any conventional route, for example in 
particular enterally, preferably orally, e.g. in the form of tablets, capsules or drink 
solutions, or patenterally e«g. in form of injectable solutions or suspensions. 



In accordance with the foregoing the present invention further provides: 
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a) »"n9Hnffldoffonn«laIorapiuan«««^ 
Q,andQjisOH,fta-useasa pfaannaccatical; 

b) a »«th«xi for lan/endng or treating disoi^ 

of such ticatineni. which method con^ri^ 

5 effective amount of a compoand of fimanla I or a phanaaceuticaHy acceptable salt 
theieof when eadi of Q, and Qt is OH; 

c) '^^nipoundoffonnolaloraphannaceuticanyacceptabtesaltthereofw 

Q, and Q, is OH for use in the p«panUion of a phannaccutical compost 
in the method as in b) above. 

10 Accorfing to a fortherembodinu^t of the invention, the con^Hn^ 

be employed as adjunct or adjuvant to other then^, e.g. a tbaapy emptoying an 
anti-thrombotic agent, a fibrinolytic agent or an immunomodnlato.y agent, ag. a^ 
hqwrin. t-PA. streptDldnasc, cydosporim. ascomydns, heqainar. ^ 
rapamycin or an analog thereof, azaduoprine. n«fl,otieatB, miariWne. niycophenoiic 

15 acid or mycophenolate mofetiL 

In accordance with the foregoing the present invention provides in a yet fort^ 

d) a "eftod for preventing or tnauing disorders as indicated above hi a subj^ 
of snch a treatment which metfuxl co0,«ises adnunistcring to said »^ 
tive amount of i) a conq>ound of the invention and ii) a second drag substance, said 

second drug substance being a tiwapeadc agent as indicated above; and 



20 



e) a kit or comhiaation for use in die mediod d). 

The compounds of fciinoh I. paiticalaily the compound of Example 2. have an 
interesting pharmacolpgical piofifc. eg. as disclosed above, as they exhibit an ii^ved 

selectivity for tiuombin and tiypsin and a good onU Woavailabi^ 
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CLAIM 

1. A compound of fonnula I 

o CH, r^'\ 

( O V- 0^-O.C-NH-CH-CX>-M.^./ 

KH-CHO 

wherein eadi of Q, and Q2 is OH or Qi and Qz fonn togedier a residue of fonnula (a) 



(a) 



CH, 

in finee fonn or, when each of Qj and is OH, also in salt fonn. 

5 2. A process for the production of a compound of fonnula I to produce a compound of 
formula I wherein Q, and foxm together a lesidue of fonnula (a), fonnyladng a 
compound of fonnula II 



?«2 



R-NH-CH-CX)— N 




"CO-NH-CH-B 



I * 



10 



wherein R is benzylo^^caifaonyl or another amino protecting group and, where 
requiied, replacing the amino protecting group R by a benzyloxycatfoonyl group, or 
caibonyl group. 
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3. A process for the production of a compouiid of fonauk 

fbnnala I wl««i„ ««A of Q and Q, is OH. deavmg a conqKHUid o^ 
Q, and Q2 fOTn together a residne of flamula (a). 



and recovering the compounds Of fonaula I thus ob^ 
5 OH in fiee foBon or in salt f onn. 

4. AconyKHmdoffoanntaIaccoriingtoclaiml,orapfaaan«euti^ 
tlK«of vi«a each of Q, and is OH, for me as a phannaccoticaL 

5. A method for preventing or treating tbroiBbosis or fa inluTritm^ 

remodelling foDowing veaoos or arterial injnries. in a subject in need of sacb treatment. 
10 *Wch method comprises administering ID said suiqect an effixtive amount of a 

compomid of fonnula I according to daim 1 or a phanaacatically accq,tahfc 
when each of Q, and is OH. 

6. A phannaceatical composition comprising a compound of famula I according 10 
claim 1 or a pharmaccatically acceptable salt diezeof when each of Q, and Q, is OH. in 

15 association witii a pharmaceaticaDy acceptable diluent or carrier then^^ 

7. A kit or combhation including a pharmaceutical composition according to daim 6 

and a pharn«u«atical composition comprising an anti-thrombotic agent, or fi^^ 
agent or an innrainomodulatoxy agent 



